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Preface
Just a few years ago, the assertion that molecular
motors for the cytoskeleton perform one basic func-
tion, to move intracellular cargo along actin ¢la-
ments or microtubules, would have been regarded
as indisputable. It is now realized, however, that
this view of the motor proteins is simplistic, unless
one accepts excessively broad de¢nitions of the
words ‘move’ and ‘cargo’ [1]. There are three super-
families of cytoskeletal motors: the myosins, the dy-
neins and the kinesins. Although the known motors
share several key features, such as binding sites for
cargo and cytoskeletal partners, and ATPase activ-
ities that provide the energy for cargo transport and
other functions, the number and locations of the
motor, or ‘head’, domains, overall subunit composi-
tions, cargo preferences, and speci¢c roles of molec-
ular motors are extraordinarily diverse. As a group,
the motor proteins enable cells to move, contract,
change shape, secrete, endocytose, organize the cyto-
plasm, and conduct karyokinesis and cytokinesis. In
addition, they are responsible for the characteristic
beating motions of cilia and £agella, and for the
contractility of skeletal, cardiac and smooth muscle.
An encyclopedic treatment of motor proteins is far
beyond the scope of this special issue of Biochimica
et Biophysica Acta. Instead, thanks to the sel£ess
e¡orts of several leading laboratories in the motors
¢eld, this volume presents a timely collection of
unique perspectives on myosins, dyneins and kine-
sins.
The only known actin-based motors are myosins,
and all but one of the myosins that have been studied
to date move toward the plus, or barbed ends of
actin ¢laments. The name ‘myosin’ has been in use
at least since 1919 [2], though the corresponding skel-
etal muscle protein had been studied since the 1880s,
and had previously been known as ‘muscle globulin’
[3] or ‘paramyosinogen’ [4]. Until the late 1980s, only
two types of myosins, the single-headed myosin Is
and the two-headed myosin IIs, were known. Barely
a dozen years later, we now know of 15 distinct
myosin subfamilies that are involved in functions as
varied as muscle contraction, membrane transport,
cellular motility, contraction of the cleavage furrow,
and tethering of pigment granules to cortical actin
¢laments.
Perhaps owing to the greater structural complexity
of microtubules than actin ¢laments, there are two
groups of microtubule motors, the kinesins and dy-
neins. Like the myosins, all known microtubule mo-
tors move unidirectionality along their consonant cy-
toskeletal tracks, and as is the case for actin
¢laments, microtubules also support bidirectional
motor transport. All dyneins whose directionality
has been studied move toward microtubule minus
ends. Likewise, all plus end-directed microtubule mo-
tors are kinesins, but curiously, some kinesins move
toward microtubule minus ends.
The ¢rst microtubule motors to have been discov-
ered [5] correspond to what is now known to repre-
sent a mixture of several axonemal dyneins that col-
lectively are responsible for the rotary motion of
cilia. Despite numerous predictions and premature
claims that cytoplasmic forms of dynein also exist,
it was not until 22 years later, in 1987, that such
proteins were ¢rst convincingly demonstrated [6,7].
Genetic studies of Chlamydomonas reinhardtii point
to the existence of at least 16 distinct genes for dy-
nein heavy chains, which contain the motor domains
of the dynein holoenzyme. Only two of these Chla-
mydomonas genes encode subunits of cytoplasmic dy-
neins, and related studies also indicate the presence
of two or three cytoplasmic dynein heavy chains in
mammalian cells. The cytoplasmic dyneins are in-
volved in myriad activities, ranging from transport
of ER and intermediate compartment membranes
to retrograde fast axonal transport and mitotic spin-
dle organization.
The most recently discovered motor proteins are
the kinesins. The founding member of this superfam-
ily, a protein known simply as ‘kinesin’, was ¢rst
described in 1985 [8^10], and remained its only
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known representative for 4 more years. Since that
time, the number of recognized kinesins has literally
exploded. As of this writing, more than 120 kinesin
motor domains representing 32 eukaryotic species
have been sequenced and organized into 10 subfami-
lies. One mammalian species, the mouse, may express
at least 36 di¡erent kinesins (for frequent updates,
see the Kinesin Home Page; http://www.blocks.fhcr-
c.org/~kinesin/). The functions of kinesins include,
but are not limited to, moving and organizing mem-
branes of the endocytotic and secretory systems, sev-
eral discrete steps of spindle morphogenesis, and
chromosome motility during mitosis and meiosis.
A few years ago, as an Executive Editor for Bio-
chimica et Biophysica Acta, Thomas Kreis began to
oversee the production of a series of special thematic
issues in the general subject area of molecular cell
research. This volume represents the third and ¢nal
issue that was initiated by Thomas, who along with
more than 200 fellow travelers, perished in the ill-
fated Swissair £ight 111 that crashed o¡ the coast
of Nova Scotia in September, 1998. It has been
and honor and a privelege to have had the opportu-
nity to help bring Thomas’ vision for a special issue
on Molecular Motors to a state of completion. I owe
special thanks to all of the authors for their devotion
to the project, and also to the Associate Publishing
Editors at Elsevier Science, Jane Kerr and Pat Crow-
ley, whose patience, responsiveness and support
never wavered throughout the many months that





[1] L.S.B. Goldstein, A.V. Philp, Annu. Rev. Cell Dev. Biol. 15
(1999) 141.
[2] O. von Furth, Ergebn. Physiol. xvii (1919) 382.
[3] A. Danilewsky, Z. Physiol. Chem. 5 (1881) 158.
[4] W.D. Halliburton, J. Physiol. viii (1887) 133.
[5] I.R. Gibbons, Arch. Biol. (Lie'ge) 76 (1965) 317.
[6] R.J. Lye, M.E. Porter, J.M. Scholey, J.R. McIntosh, Cell 51
(1987) 309.
[7] B.M. Paschal, H.S. Shpetner, R.B. Vallee, J. Cell Biol. 105
(1987) 1273.
[8] S.T. Brady, R.J. Lasek, R.D. Allen, Cell Motil. 5 (1985) 81.
[9] J.M. Scholey, M.E. Porter, P.M. Grissom, J.R. McIntosh,
Nature 318 (1985) 483.
[10] R.D. Vale, T.S. Reese, M.P. Sheetz, Cell 42 (1985) 39.
BBAMCR 14594 6-3-00
G.S. Bloom / Biochimica et Biophysica Acta 1496 (2000) 1^22
